CFU, which, due to the low replication rate of the bacteria, does not allow for the 1 0 5 isolation of sufficient numbers of Mtb-infected cells from a reasonable number of 8 revealed that the up-regulated genes were significantly enriched for the "Nrf2-mediated 1 4 8 oxidative stress response" pathway (p-value = 10 -11.3 ) (Fig 2B (green squares), Fig 2C) . 9 We also examined whether, in addition to Nrf2-associated genes, Mtb-infected 1 7 0
AMs up-regulated classical pro-inflammatory genes that have been seen previously Mtb-infected AMs (Fig. S2) . In contrast, several genes involved in glycolytic metabolism 1 7 5 (Hif1a, Pkm, Aldoa) were significantly up-regulated by Mtb-infected AMs (32). To determine whether the Nrf2-signature was specifically induced by virulent 1 7 9
Mtb, we repeated the high-dose infections using an mEmerald-expressing strain of Mtb 1 8 0 lacking the RD1 virulence locus (ΔRD1-H37Rv) and using fluorescent 1μM carboxylate-1 8 1 coated latex beads (Fig S3A, B) . Both the ΔRD1-infected and bead-positive AMs 1 8 2 displayed up-regulation of Nrf2-associated genes at 24 hours, although the magnitude 1 8 3 of the fold change for some genes was smaller than for H37Rv-infected AMs (Fig 3A) . 1 8 4 Unlike in vitro models that have shown a role for the ESX-1 locus, contained within 1 8 5 RD1, in regulating the type I IFN responses of macrophages to Mtb (16, 33, 34) , there 1 8 6 were very few significant differences between the transcriptional responses of H37Rv vs 1 8 7 ΔRD1-infected AMs 24 hours after infection (Fig 3B) . The Nrf2-mediated oxidative 1 8 8 stress response was the most highly enriched pathway in ΔRD1-infected AMs by IPA 1 8 9 (Table S1 ). Based on the stringencies imposed on the 24 hour H37Rv-infected AMs, no 1 9 0 genes were significantly changed in the bead-positive AMs and similarly no pathways 1 9 1 were enriched by IPA (Fig 3C, Table S1 ). However, it is worth noting that within the after infection in vitro, while BMDMs greatly up-regulated these genes (Fig 6A) . One 2 6 5 notable exception was Tnf, which was significantly up-regulated by AMs in response to 2 6 6
H37Rv infection in vitro. In contrast to AMs infected in vivo, AMs infected in vitro did not 2 6 7 up-regulated Nrf2-associated genes (Fig 6B) . Overall, AMs were more permissive to 2 6 8 bacterial growth than BMDMs, leading to a significant increase in bacterial burden as 2 6 9 measured by CFU 5 days after infection (Fig 6C) . These results suggest that the 2 7 0 inability of AMs to up-regulate pro-inflammatory genes in response to intracellular 2 7 1 infection is cell-intrinsic, while the up-regulation of the Nrf2-associated pathway is 2 7 2 dependent on signals from the lung microenvironment. Our computational analyses identified Nrf2 as a potential regulator of the in vivo 2 7 6 AM response to Mtb-infection. To test this hypothesis, we isolated Mtb-infected AMs 2 7 7 from Nrf2 -/mice 24 hours after infection with mEmerald-H37Rv and performed RNA- sequencing. The response of Nrf2 -/-AMs was strongly attenuated compared to that of 2 7 9
WT AMs and many of the genes exhibiting altered responses were associated with Nrf2 2 8 0 by IPA, transcription factor motif analysis, or ChIP-Seq analysis (Fig 7A) . No additional 2 8 1 genes to those identified in WT AMs were differentially expressed in Nrf2 -/-AMs (|fold 2 8 2 change| > 2, FDR < 0.01) suggesting that Nrf2 does not act to restrain the 2 8 3 transcriptional response in this setting, as has been reported previously (36).
Nrf2 functions as a master regulator of an antioxidant stress response and likely 2 8 5 plays critical roles in many cell types Our own flow cytometric analysis of Nrf2 -/mice 2 8 6 indicated that the cellularity and activation state of immune cells in their lungs are 2 8 7 altered (data not shown); therefore, we chose to evaluate the functional role of Nrf2 in no model for AM-specific gene deletion, we utilized both LysM cre/+ and CD11c cre/+ strains 2 9 0 that delete floxed genes in either macrophages and neutrophils or AMs and dendritic 2 9 1 cells, respectively (37), in combination with an Nrf2 floxed/floxed strain. These breedings LysM cre ) and Nrf2 floxed/floxed ; CD11c cre/+ (Nrf2 fl CD11c cre ). We confirmed the absence of Nrf2 protein in AMs in both strains by Western Blot (Fig S5) . We examined the bacterial 2 9 5 burden in these mice at 10 days post-infection, the latest time point at which the vast 2 9 6 majority of bacteria are still within AMs and found that both conditional knock-out 2 9 7 models had lower bacterial burdens than their Nrf2 fl littermate controls (Fig 7B) . At this 2 9 8 time point, Mtb-infected AMs lacking Nrf2 expression were also more highly activated with up-regulation of MHC II surface expression and were more prone to cell death as 3 0 0 measured by the viability dye Zombie Violet ( Fig 7C) . These results suggest that at 3 0 1 least one mechanism by which Nrf2 impedes host control is by blocking the activation We find that in vivo infection of AMs with live virulent mycobacteria does not 3 0 6 produce the kind of pro-inflammatory response previously observed in other 3 0 7 macrophage infection models. Our data suggest that the initial host response to Mtb for antigen transport to the draining lymph node and subsequent T cell activation and 3 1 0 adaptive immune control (2). Previous studies, including our own, have described Mtb-3 1 1 infected macrophages in vitro up-regulating pro-inflammatory genes primarily driven by 3 1 2 NF-κB or type I IFN signaling (16, 18, 33, 35) . Here we describe a unique Nrf2-driven Mtb infection in response to cellular and oxidative stress (38-40), our results suggest 3 1 6 that the Nrf2 signature in AMs is likely a general response to phagocytic activity rather 3 1 7 than to bacterial infection. The lack of an Mtb-specific immune response is surprising 3 1 8
given that AMs express almost all of the canonical pathogen-sensing machinery 3 1 9 required to detect Mtb infection (41). In the context of a meta-analysis of 32 studies 3 2 0 covering 77 different host-pathogen interactions, this transcriptional response falls far 3 2 1 outside the norm (42).
2 2
The fact that the Nrf2 transcriptional response has not been reported previously, importance of using in vivo systems to dissect lung-specific immunological events (43). Our results suggest that established in vitro models do not adequately replicate the 3 2 6 initial host response to Mtb. In addition, it is worth noting that our observations that 3 2 7 murine AMs become more pro-inflammatory over time in culture (data not shown) are in 3 2 8 concordance with reports that the response of human AMs to Mtb infection evolves from 3 2 9 a profile unique to AMs towards one that is more similar to that of monocytes the longer 3 3 0 they are cultured in vitro (44). infection, we chose to use two conditional knockout models (LysM cre and CD11c cre ). Cre or dendritic cells (CD11c). However, during the first 10 days of infection following growth provides one potential mechanism by which smoking and indoor air pollution 3 5 0 contribute to TB risk (54, 55) .
The finding that AMs do not mount an inflammatory and bactericidal response to transmission of small numbers of bacteria, Mtb targets a macrophage subtype that is living in specific-pathogen free facilities that are exposed to a very limited set of 4 0 0 environmental factors, while humans are continuously exposed to a variety of airborne The aim of this study was to measure the immune response of AMs to intracellular Mtb were excluded in these studies. genes. Only genes for which at least three samples had at least 10 counts and had an 5 0 6 average CPM > 1.0 were retained, resulting in a total of 10,946 genes. Differential 5 0 7 expression was calculated using the edgeR package from bioconductor.org. False 5 0 8 discovery rate was computed with the Benjamini-Hochberg algorithm (Tables S2, S3 ).
0 9
Hierarchical clusterings were performed in R using 'TSclust' and 'hclust' libraries. Heat 5 1 0 map and scatterplot visualizations were generated in R using the 'heatmap.2' and 5 1 1 'ggplot2' libraries, respectively. Promoter regions of genes that were up-regulated (|FC| > 2, FDR < 0.01, log 2 (average 5 2 4 counts per million) > 1.0) were scanned for DNA protein-binding motif over- representation using the HOMER program (v4.9.1, homer.salk.edu) (29). Promoter Fastq files from the GEO data set GSE75175 were downloaded for three Nrf2 ChIP-seq gsnap (v. 2011-11-20) with no allowance for splicing. Uniquely mapped reads were libraries as the controls. Called peaks were annotated by checking for overlap with 5 4 0 promoter regions as described above. to calculate enrichment of ranked lists in each of the respective hallmark gene lists, as RNA-sequencing data can be accessed from the National Center for Biotechnology Table S1 . Ingenuity Pathway Analysis and HOMER results tables Table S2 : RNA-Sequencing data for WT AMs Table S3 : RNA-Sequencing data for Nrf2 -/-AMs
